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The Effect OfContinued Activity
Following Concussion
Ferrara MS, Peterson CL, Marzik M,
Cooper E, Courson R, Elliott R: Department
ofExercise Science, University ofGeorgia,
Athens, GA

Recently there has been an increased awareness
in the evaluation ofconcussion in sports. Current
literature supports the use ofneuropsychological
and balance testing to be used as part of the clini-
cal evaluation and in making return to play deci-
sions. Recent evidence suggests significant short
term neurocognitive deficits following concussion
which may last a few seconds to several days.
The challenge for clinicians is to accurately assess
the injury and determine ifthe athlete can return
to participation. However, the short term effects
ofreturning an athlete to participation following
an injury have not been investigated. The pur-
pose of this study was to compare athletes who
continued to play immediate following their in-
jury to those athletes who did not return to play.
Methods Baseline tests consisting of neuropsy-
chological tests to include the Hopkins Verbal
Learning Test (HVLT), Trails A and B, Symbol
Digit Modality Test (SDMT), Digits Forward
and Backward and Controlled Oral Word Asso-
ciation Test (COWAT). Ten athletes were diag-
nosed with a Grade I or Grade II concussion by a
physician using the American Academy ofNeu-
rology scale was selected for comparison. Five
injured athletes were either cleared by a physi-
cian to return to sport participation immediately
(< 15 minutes) post-injury or reported their in-
jury post game/practice. For comparison pur-
poses, these athletes were matched to 5 other
athletes not immediately cleared to return to play
and did not participate in the remainder of the
game/practice. The matching criteria were injury
severity and SAT score. All athletes were tested
serially on day 1, day 2 and day 3 post-injury. A
2 (returned vs not returned) x 4 (day) MANOVA
was performed to compare the groups. Results
For those athletes who returned to participation,
they had significantly higher scores for self-re-
ported concussion symptoms (p=.004), lower
HVLT scores (p=.0l 1), and lower SDMT scores
(p=.032) compared to the not returned group
during the course ofrecovery. Conclusions The
results suggest different rates of recovery for
MTBI between the groups. The returned group
demonstrated increased symptoms of post con-
cussion symptoms and deficits in short term
memory and executive function. Previous research
has shown that the delay in recovery could be due
to the increased use ofglycogen during the imme-
diate post-injury exercise period which may lead
to delayed healing and slower recovery from the
injury.

Relationships AmongA Standardized
Measure For Concussion, Postural
Stability,And Function In Non-Injured
Athletes
Greco JA, Mattacola CG, SitlerMR:
Temple University, Philadelphia, PA, and
College ofAllied Health Professions,
University ofKentucky, Lexington, KY

The purpose of this study was to establish nor-
mative data for examining the relationships among
the Standardized Assessment for Concussion
(SAC) instrument, postural stability using the
Biodex Stability System (BSS) and dynamic bal-
ance using a single-plane balance board (SPBB).
Sixty Temple University football players (age =
21.06+.22yr,wt= 103.04+5.50kg,ht= 186+
.36 cm) volunteered to participate in this study
prior to the 1998 football season. Subjects re-
ported for a total oftwo testing sessions (famil-
iarization and testing). Subjects completed the
SAC and performed two postural stability tests
(using the BSS and SPBB) and a functional test
consisting of a single-leg hop for distance test.
The results demonstrate that dynamic postural
stability scores (BSS and SPBB) were not
strongly correlated with the SAC and the SLH for
distance test. The strongest relationships were
between the indexes of postural stability. The
stability index (SI), as measured with the BSS; is
a composite ofanterior/posterior and medial/lat-
eral sway. The SI was strongly related to the
anterior/posterior index (API) (r = .95) and the
medial/lateral index (MLI) (r= .89). Postural sta-
bility scores measured via the BSS were poorly
related to balance scores using the SPBB (r = .00
to .02). There was a significant inverse relation-
ship between SPBB anterior/posterior total
touches and the SLH for distance test (r = -.37, p
<.05). The relationship between the SI and SAC
and SLH were r = -.18 and r = -.24, respectively.
There was a significant inverse relationship be-
tween the SAC and SPBB anterior/posterior and
the mediaVlateral total touches (r = -.07 and r =
.02, p<.05, respectively). There was a significant
correlation between anterior/posterior total
touches (A/Ptot) and medial/lateral total touches
(M/Ltot) (r = .29, p < .05) as assessed with the
SPBB. The findings demonstrated that there was
little correlation among the standardized assess-
ment for concussion, postural stability, and func-
tional ability in a non-injured population. Sub-
jects in this study were uninjured and variance
among this group was small. It remains to be seen
ifsimilar results will be attained in a cognitively
or neurologically injured subjects.

Symptomatology Following Cerebral
Concussion And Its Relationship With
Neuropsychological And Postural
Stability Tests
Ross SE, Guskiewicz KM, Onate JA: The
University ofNorth Carolina at Chapel Hill,
Chapel Hill,NC

Clinicians regularly assess concussion according
to the symptoms that athletes manifest at the
time of injury. Recently, cognition and postural
stability have been studied following concussion,
however, there is little understanding ofhow these
measures are related to symptomatology. The
purpose of this study was to examine the rela-
tionship between concussion symptomatology
and the measures ofcognition andpostural stabil-
ity following injury. Sixteen male and four female
Division I athletes who sustained a sport-related
concussion participated in this study. All sub-
jects had been previously baseline tested for cog-
nition and postural stability. The postural stabil-
ity protocol consisted of the NeuroCom Smart
Balance Master's Sensory Organization Test
(SOT) and a clinical balance test called the Bal-
ance Error Scoring System. The cognitive tests
consisted ofthe Trail Making B Test, Controlled
Oral Word Association Test, STROOP Color
Word Test-3, Hopkins Verbal Learning Test, Sym-
bol Digit Modality Test, and Digit Span Test.
Data was collected for each of the variables on
days 1, 2, and 3 post-injury.A 16-item symptom
checklist was administered at the time of injury,
and at each of the three post-injury days. A re-
peated measures ANOVA for overall symptom
severity (accumulation ofseverity score, 0-6, for
all 16 symptoms) revealed a significant difference
between time ofinjury and each ofthe three sub-
sequent days post-injury (p<.05). Additionally,
there was a significant reduction in symptom se-
verity across each successive post-injury day
(p<.05). Results of repeated measures ANOVA
for each ofthe four neuropsychological and two
postural stability tests revealed similar trends
beginning withpre-seasonbaseline testing through
day 3 post-injury. The most interesting finding is
that multiple regression analyses revealed no sig-
nificant combination of variables that best pre-
dicted the symptom severity on post-injury days
1 and 2 (R2=.45 and R2=.39 respectively; p>.05).
As the symptoms resolved at day 3, the combi-
nation of Digit Span, Trail Making B, and SOT
explained a significant amount ofthe variance in
symptom severity (R2=.64; p<.01). Additional
day 1 post-injury regression analysis performed
specifically on dizziness severity could not be
predicted from the balance measurements
(R2=.03; p>.05), nor could the symptom score
for headache severity be predicted from any com-
bination ofthe neuropsychological tests (R2 =.41;
p>.OS). The clinical significance ofthese findings
is that although symptom severity, cognition, and
postural stability are all affected initially follow-
ing concussion, they are not necessarily related.
Clinicians should therefore use a combination of
these evaluation tools when managing concussion.
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Predicting The Development OfPost
Concussion Syndrome From Initial Signs
And Symptoms Following Mild Traumatic
Brain Injury
Cameron KL, Maloney B, Buckmeier G,
Sawicky C: Department ofPhysical
Education, United States Military
Academy, West Point, NY

The purpose of this study was to determine
whether the signs and symptoms present during
the initial 20 minutes following an episode ofmild
traumatic brain injury (MTBI) could have pre-
dictive qualities with regard to the subsequent
development ofpost concussion syndrome (PCS).
All episodes ofMTBI that were evaluated by the
athletic training room staff from October 1997
through October 1998 were included in the data
set. A total of 243 consecutive cases ofMTBI
were analyzed. The categorical data on the initial
signs and symptoms present following an epi-
sode ofMTBI were collected at 5-minute inter-
vals for 20 minutes following each reported case.
Certified athletic trainers, using a standardized
protocol for the initial evaluation ofMTBI, col-
lected all data. Of the 243 cases of MTBI, 61
(25%) patients developed signs and symptoms
of post concussion syndrome while 182 (75%)
did not. Proportional hypothesis testing was con-
ductedto deternine ifthere were statistically sig-
nificant differences between the patients who
developed PCS and thosewho did not for each of
the signs and symptoms present during the initial
evaluation. Following proportional hypothesis
testing, Bayes Theorem, a mathematical model-
ing technique, was used to compare PCS cases to
cases that did not develop PCS in order to iden-
tify valid predictors. Several signs and symp-
toms were identified to be significant predictors
of PCS. Results indicate that the presence of
amnesia, balance abnormalities, tinnitus, and vi-
sual impairments at 20 minutes post injury are
statistically significant predictors ofPCS. Addi-
tionally, based on the available data, patients who
had aheadache and exhibited signs ofamnesia at 5
minutes post injury had an 87% probability of
developing PCS. Similarly, patients who rported
a headache, dizziness, and exhibited balance ab-
normalities at 20 minutes post injury had a 73%
probability of developing PCS. Based on these
data, it may be possible to predict whether ath-
letes that experience an episode of MTBI will
develop PCS.

A Comparison OfConcussion Incidence
AndRecovery In Collegiate Football
Players With And Without Previous
History OfConcussion
Onate JA, Guskiewicz KM, McCrea MA:
The University ofNorth Carolina at Chapel
Hill, Chapel Hill,NC

The incidence of repeated concussions and the
long-term sequelae that follows has been a topic
ofconsiderable debate in the sports medicine lit-
erature. Ofrecent concern is the effect ofprevi-
ous head injury on the risk of subsequent head
injury and post-injury recovery time. The present
study was designed to examine these issues as
part ofa much larger research project on concus-
sion in collegiate football players. Prior to the
1999 football season, 2,470 collegiate football
players at 33 NCAA institutions provided a self-
reported history of previous concussions sus-
tained within the last eight years. Twenty-two
percent ofthe players reported sustaining at least
one previous concussion prior to the 1999 foot-
ball season and 5.5% reported having sustained
two or more previous concussions. A chi-square
test of independence performed on 73 players
who sustained an injury during the 1999 season
revealed a significant difference in occurrence of
concussion by those players with and without a
prior history of concussion (c2=9.25; p=<.05).
Players who reported a history of concussion
experienced a higher incidence compared to those
reporting no history ofany previous concussions
within the last eight years. In addition, we stud-
ied 25 of the injured players to determine the
effects of previous concussions on symptoma-
tology and cognitive functioning during the week
following injury. A 16-item symptom checklist
and The Standardized Assessment ofConcussion
(SAC) were administered at pre-season, and at
days 1, 2, 3, 5, and 7 post-injury. A repeated
measuresANOVA revealed a significant group x
day interaction (F(5,1 15) =2.46, p<.05) for the
SAC total score. Post-hoc analyses found that
the injured players with a history of concussion
demonstrated minimal improvements in SAC
scores across test days and did not demonstrate a
significant recovery learning effect until day 5
post-injury. In contrast, players who had no his-
tory ofconcussion showed a definitive learning
curve and revealed a significant recovery learning
effect by day 2 post-injury. Also of note was a
lack ofsignificant differences between severity of
multiple symptom scores (i.e., headache, nausea,
dizziness, etc.) reported by the two groups fol-
lowing injury. The clinical significance ofthese
findings is that collegiate football players with a
previous history of concussion appear to be at
greater risk for recurrent injury and lengthier post-
injury recovery time compared to those with no
history ofconcussion. Additionally, the severity
ofsymptoms does not always explain the entire
status ofa concussed athlete.
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